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httpReadmissions after complex aneurysm repair are
frequent, costly, and primarily at nonindex hospitals
NataliaO.Glebova,MD,PhD,aCaitlinW.Hicks,MD,MS,bRyanTaylor,MBA,c Jeffrey J. Tosoian,MD,MPH,d
KristineC.Orion,MD,bK.DeanArnaoutakis,MD,bGeorge J. Arnaoutakis,MD,b and JamesH.Black III,MD,b
Aurora, Colo; and Baltimore, Md
Objective: Readmissions after complex vascular surgery are not well studied. We sought to determine the rate of read-
mission after thoracic and thoracoabdominal aortic aneurysm repair (TAA/TAAAR) at our institution and to identify
risk factors for and costs of readmission.
Methods: Using a prospectively collected institutional database in conjunction with a Maryland statewide database, we
reviewed index admissions and early readmissions for all patients who underwent TAA/TAAARbetween 2002 and 2013 at
the Johns Hopkins Hospital. Only Maryland residents were included to capture readmissions to any Maryland hospital.
Results: We identiﬁed 115 Maryland residents (58% men; mean age, 65 6 1.2 years) undergoing TAA/TAAAR (57% open
repair). Early readmissionswere frequent and occurred in 29%of patients.Of the readmitted patients, 79% (P< .001)were not
readmitted to the index hospital where their operation was performed. Readmitted patients were not signiﬁcantly different
from nonreadmitted patients in age, gender, race, aneurysm type, and index length of stay. They were not different in pre-
operative comorbidities (including coronary artery disease, diabetes mellitus, smoking, renal insufﬁciency, and pulmonary
disease), postoperative neurologic, renal, and cardiovascular complications, or 30-day or 5-year mortality. Multivariable
analysis showed that signiﬁcant risk factors for readmission were open repair (odds ratio, 3.12; 95% conﬁdence interval,
1.12-9.54;P[ .03)andpostoperativepneumonia (odds ratio,4.31;95%conﬁdence interval, 1.28-15.4;P[ .02).Readmitted
patients had signiﬁcantly lower average income compared with the nonreadmitted cohort (U.S. $62,000 6 $4000 vs
$73,000 6 $3000; P [ .04). Striking differences were seen between patients readmitted to the index hospital where the
operationwasperformed, andthosewhowerereadmitted toanonindexhospital: patients readmitted to the indexhospitalwere
readmittedmainly for aneurysm-related surgical issues, whereas patients readmitted to the nonindex hospital were readmitted
formedical morbidities. An aneurysm-related interventionwas required in 75% of patients readmitted to the index hospital vs
in 9% of patients readmitted to the nonindex hospital. Readmissions to a nonindex hospital cost signiﬁcantly less than to the
indexhospital (U.S.$20,0006$4400vs$42,0006$8800;P[ .03) andwerenot associatedwith increasedoverallmortality.
Conclusions: Early readmissions after TAA/TAAA repair are frequent and often occur at hospitals other than the index
institution. Risk factors for readmission include open repair and postoperative pneumonia but not pre-existing patient
comorbidities. Readmissions to nonindex hospitals were related to medical morbidities that were associated with fewer
interventions and lower costs compared with the index hospital. Focusing on preoperative risk factors in this group of
patients may not lead to reduction in readmissions. Minimizing nonsurgical complications may reduce post-TAA/
TAAAR readmissions and the high costs associated with repeat care. (J Vasc Surg 2014;60:1429-37.)Hospital readmissions are increasingly viewed as a major
contributor to the high costs of health care in the United
States (U.S.), as well as an indicator of inferior health care
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://dx.doi.org/10.1016/j.jvs.2014.08.09230 days after discharge are estimated to be U.S. $16.3
billion, and $97.2 billion for readmissions up to 1 year
after discharge.1 The U.S. government has identiﬁed
reducing readmissions as a strategy to decrease health
care costs with the establishment of the Hospital Read-
mission Reduction Program as part of the Patient
Protection and Affordable Care Act of 2010. This pro-
gram requires the Centers for Medicare and Medicaid
Services to penalize hospitals for excessive readmissions,
with an initial focus on acute myocardial infarction,
heart failure, and pneumonia.2 These penalties can be
expanded at the discretion of the Secretary of the
Department of Health and Human Services and in
2015 will include readmissions related to total hip and
knee arthroplasties and exacerbation of chronic obstruc-
tive pulmonary disease.3
Readmissions in vascular surgical patients will likely be
the focus of attention in the near future. In the Medicare
population, the readmission rate of vascular surgical
patients is 24% overall.4 These readmissions cost more on
a per-readmission basis than any other condition studied,
including coronary bypass surgery.5 Other studies on1429
Fig. Study design and patient selection. HSCRC, Health Services Cost Review Commission; JHH, Johns Hopkins
Hospital; TAA, thoracoabdominal aneurysm; TAAA, thoracoabdominal aortic aneurysm.
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for example, the 30-day readmission rate after open infrare-
nal aortic aneurysm repair has been reported to be 9% in
Medicare beneﬁciaries6 but 20% for patients in California.7
Risk factors for readmission also vary in studies of vascular
patients, ranging from diabetes8,9 to increased length of
stay10-12 to lower extremity revascularization10 to socio-
economic status13 to postoperative complications.12,14 Pre-
operative comorbidities have been shown to be a risk factor
for readmission in some studies12,15 but not in others.14
In line with these inconsistent data, readmissions after
vascular surgery remain incompletely understood. Further-
more, rehospitalizations in patients undergoing complex
vascular operations have not been well studied. We thus
sought to study early readmissions in patients undergoing
complex thoracic and thoracoabdominal aortic aneurysm
repair (TAA/TAAR) at a tertiary care referral center with
the impetus that a better understanding of avoidable read-
missions in such patients will lead to establishment of
appropriate benchmarks for readmission rates in vascular
patients and help guide federal policy designed to reduce
readmissions.
METHODS
This work was approved by the Johns Hopkins Hospi-
tal Institutional Review Board and the Health Services
Cost Review Commission (HSCRC).
Database analysis. We retrospectively analyzed a pro-
spectively collected database of all patients who underwentopen and endovascular thoracic and thoracoabdominal
aneurysm repair at the Johns Hopkins Hospital from
2002 to 2013 (Fig). We included Maryland residents
only to capture readmissions to any Maryland hospital. Of
the 283 patients in the database, 159 (56%) were Maryland
residents. We then linked our institutional database to the
HSCRC database of Maryland. The HSCRC maintains all
billing data of each inpatient admission in Maryland but
restricts release of patient name and date of birth as patient
identiﬁers. We identiﬁed all index admissions and read-
missions for patients in our institutional database by linking
it with deidentiﬁed HSCRC data using the patient’s zip
code, age, gender, race, International Classiﬁcation of
Disease-Ninth Revision (ICD-9) code 441* for primary
and secondary diagnoses, calendar year, and calendar year
quarter of admission plus one quarter after to capture early
readmissions.
We used these criteria in the HSCRC database to suc-
cessfully identify 123 patients. Not all patients in our insti-
tutional database were found in the HSCRC, likely due to
differences in coding between our institutional database
and the HSCRC (eg, several patients had race code
“other” in the institutional database, which was not used
in the HSCRC). We also required an association of the
admission with the ICD-9 code 441* (which would iden-
tify admissions for any aortic aneurysm or dissection). It is
possible that some of the admissions were not correctly
coded in the HSCRC to reﬂect this diagnosis. We excluded
three patients due to intraoperative death and ﬁve patients
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Thus, 115 patients were available for readmission analysis.
We manually reviewed all identiﬁed readmissions to
exclude preoperative interhospital transfers, which are
frequent in our tertiary referral center (44 admissions).
These patients were admitted to and discharged from a
Maryland hospital and transferred to our tertiary referral
center for the deﬁnitive operation and were thus excluded
due to the preoperative nature of the discharge captured in
HSCRC. Patient characteristics in our institutional data-
base were transcribed from the electronic patient record.
Patient characteristics and hospital charges were ob-
tained from the HSCRC database (http://www.hscrc.
state.md.us). HSCRC complexity level and mortality risk
scores, which range from 1 (low) to 4 (high), are derived
from a proprietary formula using ICD-9 diagnostic codes,
procedure codes, and patient characteristics. Incomes
were obtained from U.S. Census Data based on the
patient’s zip code using the 2008-2012 American Commu-
nity Survey 5-year estimate (http://factﬁnder2.census.
gov/faces/nav/jsf/pages/index.xhtml). Distance to Johns
Hopkins Hospital was derived from the patient’s zip code
using Mapquest (http://www.mapquest.com). Informed
patient consent for performance of clinical research was
obtained at the time of the procedure.
Statistical analysis. All descriptive data are reported as
mean 6 standard error of the mean or as count with per-
centage. Univariable analyses were performed using Stu-
dent t-tests for continuous variables or the Pearson c2
text for categoric variables. Multivariable analysis was per-
formed using forward stepwise logistic regression modeling
(P# .25 to enter and P$ .10 to remove) to identify risk fac-
tors associated with any readmission. All statistical analyses
were performed using JMP 9.0 software (SAS Institute Inc,
Cary, NC), with statistical signiﬁcance deﬁned as P# .05.
RESULTS
Risk factors for readmission. Of the 115 Maryland
residents who underwent TAA/TAAR repair and were
identiﬁed in the HSCRC database, 33 (29%) were readmit-
ted to a Maryland hospital. Readmitted patients did not
signiﬁcantly differ from nonreadmitted patients in age,
sex, race, payment source, or the presence of the following
comorbidities: coronary artery disease, diabetes mellitus,
tobacco smoking, hypertension, peripheral vascular disease,
chronic renal insufﬁciency, or chronic obstructive pulmo-
nary disease (Table I). Average income was signiﬁcantly
lower for readmitted patients than for those who were not
readmitted (Table I). The two groups did not differ in
complexity scores and mortality risks as determined by
HSCRC using a proprietary formula taking into account
patient and surgical factors (Table I). They also did not
signiﬁcantly differ in aneurysm type, pathology, or size, pre-
sentationwith symptoms or rupture, or urgency of admission
(Table I). Length of stay in the hospital or the intensive care
unit (ICU) and discharge destination to a rehabilitation
facility vs home were not signiﬁcantly different. There
were also no differences in the incidence of postoperativecomplications, including stroke, spinal cord ischemia, acute
renal failure, need for new hemodialysis, cardiovascular
complications, or reoperation for bleeding (Table II).
Stepwise multivariable analysis showed that indepen-
dent risk factors for readmission included postoperative
pneumonia (odds ratio, 4.31; 95% conﬁdence interval,
1.28-15.4; P ¼ .02) and open repair (odds ratio, 3.12;
95% conﬁdence interval, 1.12-9.54; P ¼ .03; Table III).
Postoperative wound infection showed a not quite signiﬁ-
cant trend toward an association with readmission
(P¼ .06; Table III). Patient comorbidities, such as diabetes
mellitus, hypertension, chronic renal insufﬁciency, chronic
obstructive pulmonary disease, and aneurysm size, were
not signiﬁcant predictors of readmission (Table III)
Postoperative mortality was not signiﬁcantly different
at 30 days, 5 years, and overall at the last follow-up, but
readmitted patients showed a trend toward higher 1-year
mortality compared with nonreadmitted patients (15% vs
6%, P ¼ .09; Table II).
Nonindex hospital readmissions. The 29% rate of
readmission for our Maryland patients was in stark contrast
to the overall 13% institutional readmission rate for vascular
patients treated by the same surgeon for the years 2011 to
2014 (internal Johns Hopkins Hospital data not shown).
We thus further investigated the nature of readmissions
and found that only 21% of patients who were readmitted
in this study came back to the index hospital where the
aneurysm repair was performed compared with 79% who
were readmitted to a nonindex Maryland hospital.
Although patients readmitted to the index hospital were
similar to those readmitted to a nonindex hospital in demo-
graphic and disease characteristics (Table IV), the nature of
readmission differed signiﬁcantly between the two groups
(Table V). Index hospital readmissions were usually for
surgical issues, whereas nonindex hospital readmissions
were for treatment of nonsurgical diagnoses such as
pneumonia, gastrointestinal problems, and failure to thrive.
This was reﬂected in readmission diagnoses as well as by the
readmitting service, in which 71% of index hospital read-
missions were to the surgical service vs 20% for nonindex
hospital readmissions (P ¼ .01; Table V). Furthermore,
75% of patients readmitted to the index hospital required
an aneurysm-related intervention based on procedure
codes in the HSCRC database, in contrast to 9% of patients
readmitted to nonindex hospitals. The lack of surgical di-
agnoses and aneurysm-related procedure codes on read-
mission to nonindex hospitals correlated with the
association of postoperative medical complications, such as
pneumonia, with these readmissions (Table V).
Patients admitted to the index hospital were not signif-
icantly different from those who were readmitted to a non-
index hospital in age, sex, race, income, distance from
home to the index hospital, payment source, or comorbid-
ities such as coronary artery disease, tobacco smoking, hy-
pertension, peripheral vascular disease, chronic renal
insufﬁciency, or chronic obstructive pulmonary disease
(Table IV). Patients readmitted to the index hospital
showed a trend toward higher rates of diabetes mellitus
Table I. Characteristics of readmitted vs nonreadmitted
patients
Characteristics Readmitted Not readmitted P value
Patients 33 (29) 82 (71)
Age, years 68.3 6 2.3 63.6 6 1.4 .09
Male sex 21 (64) 46 (56) .46
Race
White 24 (72) 50 (61) .33
Black 9 (27) 25 (31)
Income by zip code,
U.S.$
62,000 6 4000 73,000 6 3000 .04
Medicare/Medicaid
payment source
17 (52) 49 (60) .42
Comorbidities
Coronary artery
disease
22 (27) 10 (30) .71
Diabetes mellitus 6 (18) 8 (10) .21
Smoking 21 (64) 53 (65) .92
Hypertension 32 (97) 69 (84) .06
Peripheral vascular
disease
6 (18) 12 (15) .64
Chronic renal
insufﬁciency
4 (12) 16 (20) .34
Chronic obstructive
pulmonary disease
6 (18) 25 (31) .18
Total number of
comorbidities
2.55 6 0.25 2.46 6 0.16 .78
HSCRC
Complexity score 3.18 6 0.13 3.29 6 0.09 .49
Mortality risk 3.33 6 0.14 3.38 6 0.09 .79
Type of aneurysm
TAAA 14 (42) 35 (43) .98
TAA 19 (58) 47 (54)
Pathology
Type B dissection 12 (36) 23 (28) .38
Atherosclerosis 21 (64) 50 (61)
Pseudoaneurysm 0 (0) 5 (6)
Aneurysm size, cm 6.39 6 0.24 6.33 6 0.15 .84
Presentation
Symptomatic 19 (58) 41 (50) .54
With rupture 3 (9) 10 (12) .63
Urgent vs elective
admission
13 (39) 31 (38) .84
Repair type
Open 13 (39) 41 (50) .30
Endovascular 20 (61) 41 (50)
Length of stay, days
ICU 6.9 6 1.5 6.6 6 0.9 .88
Overall 13.1 6 1.9 13.9 6 1.2 .72
Discharge destination
Rehabilitation facility 14 (42) 25 (31) .28
Home 19 (58) 56 (68)
HSCRC, Health Services Cost Review Commission; ICU, intensive care
unit; TAA, thoracoabdominal aneurysm; TAAA, thoracoabdominal aortic
aneurysm; U.S., United States.
Continuous data are presented as mean 6 standard error of the mean and
categorical data as number (%).
Table II. Outcomes of readmitted vs nonreadmitted
patients
Patient outcomes Readmitted Not readmitted P value
Patients 33 (29) 82 (71)
Postoperative complication
Stroke 2 (6) 2 (2) .32
Spinal cord ischemia 3 (9) 5 (6) .69
Acute renal failure 4 (12) 12 (15) .72
New hemodialysis 1 (3) 6 (7) .67
Myocardial infarction 0 (0) 0 (0) e
Arrhythmia 4 (12) 10 (12) .99
Pneumonia 9 (27) 11 (13) .08
Reoperation for bleed 1 (3) 3 (4) 1.00
Wound infection 3 (9) 2 (2) .14
Mortality
30 days 0 (0) 2 (2) .49
1 year 5 (15) 5 (6) .09
5 years 7 (21) 14 (17) .18
Overall at last follow-up 7 (21) 17 (21) .95
Follow-up, days 610 6 124 556 6 79 .72
Continuous data are presented as mean 6 standard error of the mean and
categorical data as number (%).
Table III. Multivariable analysis of risk factors for
readmission
Variable OR (95% CI) P value
Diabetes mellitus 2.34 (0.61-9.02) .21
Hypertension 5.13 (0.84-101) .08
Chronic renal insufﬁciency 0.34 (0.07-1.22) .10
Chronic obstructive pulmonary disease 0.46 (0.15-1.31) .15
Open approach 3.12 (1.12-9.54) .03
Aneurysm size per cm 1.22 (0.86-1.74) .26
Postoperative pneumonia 4.31 (1.28-15.4) .02
Postoperative wound infection 9.13 (0.90-221) .06
CI, Conﬁdence interval; OR, odds ratio.
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(43% vs 12%; P ¼ .06). Index lengths of stay, aneurysm pa-
thology, size, and type of repair did not differ between the
groups, but patients readmitted to a nonindex hospital
were more likely to have had TAAAR and signiﬁcantly
higher rates of postoperative pneumonia (35% vs 0%; P ¼
.02; Table IV). The groups had similar incidences of otherpostoperative complications, including stroke, spinal cord
ischemia, acute renal failure, need for new hemodialysis,
cardiovascular complications, reoperation for bleeding,
and wound infection (Table V). On readmission, those pa-
tients who returned to the index hospital had signiﬁcantly
longer stays in the ICU (2.3 6 3.9 days vs 0.4 6
1.5 days, P ¼ .03), consistent with their need for surgical
reintervention (Table V).
The two groups had similar 30-day mortality, but 1-
year mortality was signiﬁcantly higher in patients readmit-
ted to the index institution (P ¼ .05; Table V). Overall
mortality on the last follow-up also showed a trend toward
lower mortality in patients readmitted to a nonindex hospi-
tal, but this was not statistically signiﬁcant (P ¼ .11;
Table V).
Hospital charges. Index admission hospital charges
(in U.S. $) were not signiﬁcantly different for patients
who were readmitted vs not readmitted; readmission
charges were on average 50% of the index hospitalization
charges ($47,000 6 $13,000 for readmission vs
Table IV. Characteristics of patients readmitted to the index hospital vs nonindex hospitals
Characteristics
Readmitted to
P valueIndex hospital Nonindex hospital
Patients 7 (21) 26 (79)
Age, years 62.9 6 3.9 69.7 6 2.0 .12
Male sex 5 (71) 16 (62) .63
Race
White 4 (57) 20 (77) .36
Black 3 (43) 6 (23)
Income by zip code, U.S.$ 69,000 6 12,000 59,000 6 20,000 .28
Medicare/Medicaid payment source 3 (43) 14 (54) .61
Distance from patient home zip code to JHH, miles 49.6 6 19.4 30.6 6 6.5 .24
Comorbidities
Coronary artery disease 2 (29) 8 (31) .91
Diabetes mellitus 3 (43) 3 (12) .06
Smoking 5 (71) 16 (62) .63
Hypertension 7 (100) 25 (96) .60
Peripheral vascular disease 2 (29) 4 (15) .58
Chronic renal insufﬁciency 2 (29) 2 (8) .19
Chronic obstructive pulmonary disease 1 (14) 5 (19) .76
Total number of comorbidities 3.14 6 0.54 2.38 6 0.28 .22
HSCRC
Complexity score 2.71 6 0.30 3.31 6 0.15 .08
Mortality risk 3.43 6 0.31 3.31 6 0.16 .73
Type of aneurysm
TAAA 0 (0) 14 (54) .01
TAA 7 (100) 12 (46)
Pathology
Type B dissection 3 (43) 9 (35) .69
Atherosclerosis 4 (57) 17 (65)
Aneurysm size, cm 5.73 6 0.49 6.54 6 0.24 .15
Symptomatic presentation 6 (86) 13 (50) .09
Urgent vs elective admission 13 (71) 31 (19) .29
Repair type
Open 2 (29) 11 (42) .51
Endovascular 5 (71) 15 (58)
Length of stay, days
Index ICU 3.0 6 4.2 8.0 6 2.2 .30
Index overall 10.6 6 12 15.4 6 2.3 .39
Index discharge to
Rehabilitation facility 1 (14) 13 (50) .09
Home 6 (86) 13 (50)
HSCRC, Health Services Cost Review Commission; ICU, intensive care unit; JHH, Johns Hopkins Hospital; TAA, thoracoabdominal aneurysm; TAAA,
thoracoabdominal aortic aneurysm; U.S., United States.
Continuous data are presented as mean 6 standard error of the mean and categorical data as number (%).
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Readmissions to a nonindex hospital were signiﬁcantly less
costly overall than readmissions to the index hospital
($20,000 6 $4400 vs $42,000 6 $8800; P ¼ .03;
Table VI). The higher costs of readmission to the index
hospital were due primarily to the longer ICU length of
stay (2.3 6 1.4 days vs 0.4 6 0.3 days; P ¼ .03; Table V),
which translated into higher room-and-board charges
(Table VI).
Radiology charges were also signiﬁcantly higher for the
index hospital readmitted patients ($2100 6 $470 vs
$1100 6 $230; P ¼ .05; Table VI), suggesting a greater
number (or more costly) imaging studies ordered on the
index hospital readmission. Most patients readmitted to
the index hospital received one computed tomography
scan during readmission.The complications for which the patients were readmit-
ted to the index hospital included wound dehiscence, renal
artery dissection, and type I and type III endoleaks
(Table VII).
DISCUSSION
Readmissions are becoming an increasingly important
problem as health care reimbursement schemes adjust to
account for changes in federal policies. To date, minimal
data exist on readmissions after complex vascular surgery.
Our analysis of readmissions after TAA/TAAAR at a single
tertiary care referral center identiﬁed a high early read-
mission rate of 29%, with only 21% of the readmitted pa-
tients returning to the index hospital where the aneurysm
repair was performed, and 79% of readmitted patients be-
ing rehospitalized at nonindex hospitals. Risk factors for
Table V. Outcomes of patients readmitted to the index
hospital vs nonindex hospitals
Outcomes
Readmitted to
P
value
Index
hospital
Nonindex
hospital
Patients 7 (21) 26 (79)
Postoperative complication
Stroke 1 (14) 1 (4) .38
Spinal cord ischemia 0 (0) 3 (12) .36
Acute renal failure 1 (14) 3 (13) .90
New hemodialysis 0 (0) 1 (4) .60
Myocardial infarction 0 (0) 0 (0) e
Arrhythmia 0 (0) 4 (15) .56
Pneumonia 0 (0) 9 (35) .02
Reoperation for bleed 0 (0) 1 (4) .60
Wound infection 1 (14) 2 (8) .59
Readmission length of stay,
days
ICU 2.3 6 1.4 0.4 6 0.3 .03
Overall 9.9 6 4.2 6.3 6 1 .21
Readmission to surgery vs
medicine
5 (71) 5 (20) .01
Aneurysm-related
intervention
on readmission
6 (75) 3 (9) .0005
Mortality
Readmission 1 (14) 0 (0) .22
30 days 0 (0) 0 (0) e
1 year 3 (43) 2 (8) .05
Overall at last follow-up 3 (43) 4 (15) .11
Follow-up, days 802 6 254 559 6 132 .40
ICU, Intensive care unit.
Continuous data are presented as mean 6 standard error of the mean and
categorical data as number (%).
Table VI. Hospitalization charges
Hospital charges
Readmitted
patients,
Nonreadmitted
patients,
P
value
mean 6 SEM
U.S.$
mean 6 SEM
U.S.$
Charges at index visit
Total hospital 89,000 6 9400 83,000 6 6000 .64
Room and board 31,000 6 4300 31,000 6 3000 .97
Operating room 10,000 6 1200 9200 6 750 .51
Pharmacy 3200 6 830 3100 6 530 .98
Radiology 3700 6 700 3700 6 440 .99
Laboratory 8600 6 1700 8400 6 1100 .95
Supply 26,000 6 2900 21,000 6 1900 .16
Therapy 4200 6 940 3100 6 600 .36
Others 1300 6 950 3400 6 600 .07
Per day of hospital
stay
8900 6 720 7400 6 460 .08
Readmission charges,
total
47,000 6 13,000 d
Per day of hospital
stay
4700 6 1000 d
Index hospital
readmissions
Nonindex hospital
readmissions
Readmission visit
charges
Total hospital 42,000 6 8800 20,000 6 4400 .03
Room and board 18,000 6 4100 7500 6 2000 .02
Operating room 4500 6 1400 2100 6 690 .13
Pharmacy 1700 6 760 1300 6 370 .67
Radiology 2100 6 470 1100 6 230 .05
Laboratory 3000 6 1000 1900 6 500 .32
Supply 9100 6 2900 3900 6 1400 .12
Therapy 1400 6 620 990 6 300 .54
Others 1800 6 520 860 6 260 .10
Per day of
hospital stay
8500 6 2000 4000 6 980 .05
SEM, Standard error of the mean.
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repair, and postoperative complications, such as pneumonia
and wound infection, but not preoperative comorbidities.
Readmitted patients showed a trend toward higher 1-year
mortality but had similar long-term mortality compared
with nonreadmitted patients.
Our ﬁndings of a 29% readmission rate differ from
readmission rates noted in most reports on vascular surgery
patients. Reported rates of early readmissions for these pa-
tients vary, from 7% to 9% for 30-day readmissions after
endovascular abdominal aortic aneurysm (AAA) repair
and open AAA repair in Medicare beneﬁciaries6 to 12%
for vascular surgical patients at one institution8 to 13%
for open abdominal aortic aneurysm repair and endovascu-
lar AAA repair in Medicare beneﬁciaries14 to 20% after
open AAA repair in California7 to 24% for all vascular sur-
gical patients in the Medicare population.4
Within TAA/TAAR patients speciﬁcally, one group
has reported a readmission rate of 8.2% among patients un-
dergoing repair at a single institution.10 We report a read-
mission rate that is three times higher. One reason for this
discrepancy may be that we treat highly complex patients.
Readmitted and nonreadmitted patients in our study
both had a mean of 2.5 comorbidities, and HSCRC
complexity and mortality scores were >3 in both groups.In addition, we performed a comprehensive analysis of
readmissions of patients in one state at a single-institution
level but ensured the inclusion of rehospitalizations to non-
index hospitals within our state, which likely accounts for
the higher readmission rate found in our study. Previous
reports in nonvascular populations have demonstrated
marked increases in readmission rates after analyses that ac-
count for readmissions to nonindex hospitals.16
Several groups have identiﬁed risk factors for readmis-
sion in vascular patients, including medical comorbid-
ities,12,15,17 nonelective or urgent repair,9,10 diabetes,8,9
longer index length of stay,10,12,18 discharge to a facility
vs home,10 poor socioeconomic status,13,19 and postopera-
tive complications such as wound infections and renal
insufﬁciency.14,17 In contrast, we did not ﬁnd that nonelec-
tive repair, longer length of stay, or discharge to a facility
increased the risk of readmission. Most prior studies also
report a strong association between comorbidities and
readmission, which is in contrast to our ﬁndings of the
lack of such an association. The contribution of preopera-
tive comorbidities to the risk of readmission is not entirely
clear. A recent analysis of risk factors for early readmission
Table VII. Details of index hospital readmissions
Patient Reason for readmission Intervention on readmissions Imaging studies during readmission
1 Acute leg deep venous thrombosis and
PE
Initiation of anticoagulation LE duplex, CTA PE protocol, CTA
chest, abdomen, pelvis, head
2 Postoperative thoracic wound
dehiscence
Wound debridement CTA chest
3 Type IA endoleak Repair of type I endoleak with thoracic
cuff and renal snorkels
CTA chest, abdomen and pelvis
4 Type IA endoleak causing chest pain
and aneurysmal expansion of false
lumen of proximal descending TAA
Redo sternotomy and aortic arch
replacement w elephant trunk
TEE, CTA chest, abdomen, and pelvis
5 New hypertension and rise in creatinine
due to dissection extension to left
renal artery
None on admission; outpatient
percutaneous renal intervention on
another date
Renal artery duplex; MRA abdomen
6 Type III endoleak Endovascular repair with thoracic
endograft
CTA chest, abdomen, and pelvis
7 Type I endoleak Coil embolization of type 1 endoleak CTA chest, abdomen, and pelvis
8 Type I endoleak Endovascular repair with proximal
extension
Carotid/subclavian duplex; CTA chest,
abdomen, and pelvis; CTA neck
CTA, Computed tomography angiography; LE, lower extremity;MRA, magnetic resonance angiography; PE, pulmonary embolism; TAA, thoracoabdominal
aneurysm; TEE, transesophageal echocardiography.
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operative wound and renal complications predominated as
risk factors for readmission.14 Preoperative comorbidities,
on the other hand, were rather weakly associated with read-
mission. These authors further showed that readmission
was associated with a higher 1-year mortality, consistent
with our results.14 As such, this study lends credence to
the notion that preoperative medical variables are of limited
utility to identify patients at risk for readmission because
the main drivers of readmission were most related to post-
operative events.
A striking ﬁnding in our study is that most patients
were readmitted to nonindex hospitals and that these pa-
tients differed from those who returned to the hospital
where their operation was performed. Patients readmitted
to the index hospital were more likely to require a longer
ICU stay upon rehospitalization and to have surgical prob-
lems necessitating operative intervention, whereas those
who were rehospitalized at nonindex hospitals were read-
mitted for medical morbidities such as infection. Some pa-
tients who were admitted to nonindex hospitals underwent
interventions associated with their nontechnical complica-
tions, such as feeding tube placement, thoracentesis, coro-
nary catheterization, and placement of inferior vena cava
ﬁlters. Patients readmitted to the index hospital underwent
interventions for technical problems associated with aneu-
rysm repair, such as endoleaks, that required endovascular
repair (Table VII). Importantly, nonindex hospital read-
mission was not associated with increased mortality
compared with index hospital readmission.
Readmissions to nonindex hospitals are becoming
recognized as an understudied problem; for example,
among Medicare beneﬁciaries, the rate of readmission to
a nonindex hospital is 22%.20 AmongMedicare beneﬁciaries
who undergo AAA repair, 64% to 70% of readmitted patients
return to the index hospital.14,21 In agreement with our
ﬁndings, patients readmitted to the index hospital weremore likely to have a complication directly related to the
operation.21 There was no difference in mortality noted be-
tween patients who returned to the index hospital vs a non-
index hospital, which is in contrast to our work that reveals a
higher 1-year mortality for patients readmitted to the index
hospital.21 We also did not ﬁnd a signiﬁcant difference be-
tween the nonindex and index readmissions in distance be-
tween the patient’s home and the hospital, in contrast to
the above study, which revealed that patients readmitted
to the index hospital lived closer to the primary hospital.21
In addition to ﬁnding that readmissions to nonindex
hospitals after complex aneurysm repair are not associated
with increased mortality, we also noted that these readmis-
sions are less costly than index readmissions. This is in
contrast to data showing that readmissions to nonindex
hospitals among Medicare beneﬁciaries are associated
with increased costs20 but is in agreement with another
report demonstrating that readmissions to nonindex hospi-
tals in patients undergoing AAA repair cost less compared
with index hospitals.21 It is possible that the increased costs
of index readmissions in our study are a reﬂection of the
high costs of interventions: 75% of patients readmitted to
our hospital required an aneurysm-related intervention
upon readmission compared with 9% of patients requiring
intervention in the nonindex readmission group.
Costs associated speciﬁcally with readmissions and rein-
terventions in vascular surgical patients are not well stud-
ied. One group noted that the mean cost per readmission
after AAA repair 10 years ago was $13,397 6 $3381.9
Although the underlying reasons for readmission were
different between the index and nonindex readmissions, our
data show that readmission of patients with nonsurgical com-
plications after complex aneurysm repair to nonindex hospitals
may be cost-saving and associated with acceptable outcomes.
Not surprisingly, given the high variability in read-
missions rates and predisposing risk factors, models that
can reliably predict risks of readmission and be used for
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tions are lacking. A review of readmission risk prediction
models for surgical interventions highlighted their weak
discriminative ability and noted that most models perform
poorly, with only one model found to speciﬁcally focus on
preventable readmissions.22 How to identify preventable
readmissions for risk prediction is currently not clear. A re-
view of studies that measured avoidable readmissions found
that overall, 27% of readmissions were avoidable, and the
authors emphasized that the subjective nature of deter-
mining whether the readmission is avoidable made the con-
clusions of this review unreliable.15 Thus, a systematic
model that can accurately predict readmission after vascular
surgery, such as proposed by Brooke et al,23 has yet to be
developed. Our ﬁndings and those from other groups show
that such a model would need to include socioeconomic,
surgical, and patient factors, including preoperative comor-
bidities and postoperative complications, and would need
to be developed based on a large vascular patient cohort
that tracks index and nonindex readmissions.
Such a model will be an impetus for interventions aimed
to reduce readmissions, improve quality of care, and decrease
costs. On the basis of our study, our group may consider
efforts to reduce early readmissions in our patients undergo-
ing complex aneurysm repair by instituting early extubation
clinical pathways to reduce the risk of postoperative pneu-
monia (with the understanding that protocols for early extu-
bation after TAAAR have not been studied). In addition,
stringent postoperative follow-up in the form of early primary
care physician visits or phone calls to identify medical prob-
lems such as pneumonia and treat them early before a hospital
readmission is necessary may help reduce our readmissions.
Our follow-upprotocol includes a clinic visit 4 to6weeks after
the operation but does not prompt a follow-up telephone call
before the visit and does not necessarily include a follow-up
visit with a primary care physician before follow-up with the
surgeon. Earlier follow-up focusing on patients at high risk
for pneumonia (such as those with a prolonged intubation,
for example) may prevent some of our readmissions.
The limitations of our study include the retrospective
nature of the work and small study size. We also used a
relatively unique method to link our institutional data to
the HSCRC to capture readmissions to nonindex hospitals.
This approach was used in another patient cohort and had a
93% sensitivity and 99% speciﬁcity for capturing readmis-
sions among Maryland patients undergoing pancreatec-
tomy at our institution.24 The possibility of identifying
incorrect patients with this database cross-linking method
is low, and we did not ﬁnd any incorrectly identiﬁed pa-
tients in the readmission subset upon manual review of
all patients. Future studies assessing the reliability of index
and nonindex readmission capture are needed.
CONCLUSIONS
We show that early readmissions after TAA/TAAAR
are frequent and often occur at hospitals other than the in-
dex institution. Risk factors for readmission include open
repair and postoperative pneumonia but not pre-existingpatient comorbidities. Readmissions to nonindex hospitals
are associated with lower costs and no increased mortality
compared with the index hospital. Focusing on preopera-
tive risk factors in this group of patients is unlikely to
lead to a reduction in readmissions. Minimizing nonsur-
gical complications and aggressively pursuing endovascular
options for aneurysm repair, when anatomically appro-
priate, may reduce readmissions after TAA/TAAAR and
the high costs associated with repeat care.
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